Objective: Describe subsidence in lumbar interbody fusion using an expandable meshed allograft containment device with 12-month minimum radiographic follow-up.
INTRODUCTION
As populations age, the annual rate of lumbar fusion procedures performed in developed nations is steadily increasing. 1 Open lumbar interbody fusion procedures can carry a higher morbidity in elderly patients due to increased comorbidities and impaired cardiopulmonary reserves. These patients also tend to have a longer postoperative recovery period. 2 The current drive to decrease surgical invasiveness while achieving the same operative outcomes benefits fragile patient populations, such as the elderly. Minimally invasive surgery (MIS) embodies the attempt to decrease surgical morbid-ity, postoperative pain, and the postoperative hospital recovery period. 3 Compared to the traditional open approach, MIS transforaminal lumbar interbody fusion (TLIF) has been associated with reduced blood loss and tissue destruction, earlier mobilization, and shorter hospital stays. 4 While the traditional open TLIF approach offers a larger working channel for endplate preparation, fusion rates between open and MIS TLIF are generally comparable. 5 Subsidence greater than 3 mm is generally considered significant, and acceptable The OptiMesh device (Spineology, Saint Paul, Minnesota) is a small, expandable polyethylene meshed sac, originally designed to contain allograft within a vertebral body defect. However, the OptiMesh can also be placed within the interbody space with reduced approach-related tissue destruction, while still achieving sufficient endplate preparation. With this method, fusion rates comparable to other interbody devices may be attainable. Over time, however, excessive graft subsidence could potentially restrict the neuroforamen, leading to a recurrence of symptoms.
The authors report the use of an OptiMesh expandable meshed allograft containment system for 1-or 2-level lumbar degenerative indications, with a minimum 12-month radiographic follow-up.
MATERIALS AND METHODS

Data Collection
Consecutive records in a single-surgeon database (M.Y.W.) were reviewed for patients greater than 18 years old who underwent interbody fusion with the OptiMesh device at a single institution from August 2009 to October 2015. It should be noted that this application of the cage is designated as ''off-label'' by the US Food and Drug Administration. Patients included in this study were treated for 1-or 2-level lumbar disease with a minimum of 12 months of follow-up. Demographic, clinical, and operative information was collected for each patient, including age, sex, tobacco use, indication for surgery, operative level, estimated blood loss, fusion rate, postoperative hospital stay, complications, and length of follow-up.
Surgical Technique
The technique used to place this device in the lumbar interbody space has been reported previously. 8 Height restoration is achieved with increasing allograft placement in the graft containment system, which grows to fill and expand the interbody space. Recombinant human bone morphogenetic protein-2 (rhBMP-2, Infuse, Medtronic, Minneapolis, Minnesota) at a dose of up to 1.05 mg/ level is utilized prior to mesh graft placement (within the interbody space but outside the cage).
Radiographic Measurements
AP, lateral, and dynamic flexion/extension x-ray images for each patient were reviewed and mea-sured. The lateral lumbar x-ray was reviewed for disc height, neuroforaminal height, anterolisthesis, lumbar lordosis, and interbody angle. 9 Lumbar Cobb angle was measured from AP lumbar views. Computed tomography (CT) images and dynamic x-rays were reviewed to assess fusion ( Figure 2 ).
Subsidence was defined as a loss of average disc height and/or neuroforaminal height between postoperative and final images. Successful postoperative fusion was defined as: (1) continuous bridging bone observed on CT scan or, if CT was unavailable or inconclusive, (2) , 38 of motion and , 3 mm of translation observed on dynamic lumbar lateral xray (flexion/extension), with no evidence of screw dislodgment, migration, or screw-rod breakage 10 ( Figure 3 ).
Statistical Analysis
Continuous variables were analyzed with 2-tailed paired Student t tests (pre-versus postoperative) and 2-tailed independent Welch t-tests (1 versus 2 levels). Categorical variables were analyzed with a Pearson v 2 test. A P value of , .05 was considered statistically significant. Continuous variables are reported as mean (6 SD). Categorical variables are reported as n (%). Statistical calculations were performed in Microsoft Excel 2011 (Microsoft, Redmond, Washington). 
RESULTS
Population Characteristics
Forty-one patients were identified, with a mean age of 63.4 years (6 11.8). A majority of patients were female (29, 70.7%). A total of 61 spinal levels were treated, with a majority of procedures performed at the L4-5 level (29, 70.7%). Roughly onequarter of patients reported tobacco use (11, 26 .8%). The most common indication for surgery was spondylolisthesis (22, 53.7%). The average blood loss was estimated at 203.9 mL (6 186.5). Fusion was observed in 54 levels (88.5%) by the 12month interim. Patients spent an average 4.3 days (6 2.3) in the hospital postoperatively. One complication was observed (2.4%): a fractured rod, which occurred in a patient with pseudoarthrosis. The mean radiographic follow-up was 24.3 months (6 11.2) ( Table 1) .
Radiographic Outcomes
Postoperatively, disc height increased by 3.1 mm (6 1.9, 66.5%, P , .001) and neuroforaminal height increased by 3.0 mm (6 3.3, 19.1%, P , .001). At final follow-up, the disc height had decreased by 1.8 mm (6 1.7, 15.5%, P , .001) and neuroforaminal height had decreased by 1.3 mm (6 3.4, 4.3%, P ¼ .012) from postoperative levels. Interbody angle decreased by 0.88 (6 2.9, 5.2%, P ¼ .033) between postoperative and final imaging. Neuroforaminal height change was significantly less than that of the average disc height (4.3% versus 15.5%, P , .001). From baseline to final radiographic follow-up, disc height increased by a net 1.3 mm (6 2.5, 42.8%, P , .001) and neuroforaminal height increased by a net 1.7 mm (62.8, 11.2%, P ¼ .004) ( Figure 4 ).
Similar results were seen in a net reduction of anterolisthesis by 1.3 mm (6 2.6, 29.9%, P ¼ .004) and lumbar Cobb angle by 1.18 (6 4.3, 20.5%, P ¼ .078), and a net increase in lumbar lordosis by 0.38 (6 11.9, 14.4%, P ¼ .010). While less robust, these effects were significant ( Table 2 ). Radiographic parameters in patients undergoing 1-or 2-level surgery were compared. Differences in demographics were assessed to justify comparing these groups. A greater number of 2-level patients reported tobacco use (P ¼ .010). Total follow-up period was longer in 2-level patients, (P ¼ .019), although in both groups the follow-up was at minimum 12 months. Generally, radiographic changes were comparable between groups. However, 1-level patients did experience a loss of lumbar lordosis between postoperative and final imaging, while lordosis increased slightly in 2-level patients (À10.6% versus þ5.3%, P ¼ .050). This effect bordered on significance. Net change in lumbar lordosis was not significantly different between groups (P ¼ .327). Further, 1-level patients tended toward a greater reduction in interbody angle between postoperative and final imaging. This effect approached significance (P ¼ .082) ( Tables 3 and 4 ; Figures 5 and 6 ).
DISCUSSION
In this retrospective study using an expandable meshed allograft-containment interbody device, we find that rates of fusion and graft subsidence at a minimum 12 months postoperatively are noninferior to those reported with conventional interbody devices.
No prior reports describe subsidence rates for the OptiMesh system in patients with 1-and 2-level lumbar degenerative disc disease. This information is of particular importance while measuring the disc space height preoperatively to determine graft height selection, 11 as oversizing of interbody grafts has been implicated as the single most important technique-related risk for subsidence. 12 MIS techniques are designed to reduce approachrelated soft tissue trauma and operative duration with the goal of delivering equivalent outcomes with a shorter recovery time. 3 However, the adoption and promotion of new surgical technology must be predicated on demonstrated, long-term efficacy. Cadaveric studies have demonstrated the relationship between disc height, neuroforamen height, and nerve compression, as well as the biomechanical capability of the OptiMesh expandable device to manipulate this anatomy effectively. 13, 14 Numerous reports have shown the durability of expandable technologies in providing symptomatic relief via indirect decompression. 9, 11, 15, 16 We have previously reported our use of the OptiMesh device in 25 patients with adult degenerative scoliosis after 1 year of follow-up, demonstrating no recurrent Table 2 . Total sample radiographic measurements at baseline, postoperatively, and at most recent follow-up. All values are represented as mean 6 SD. All lengths are given in millimeters, and all angles shown in degrees. Comparisons between time points are shown with results of 2-tailed paired Student t tests. radiculopathic symptoms along the concavity. 8 In this study, significant improvements were achieved in the Cobb angle (20.28 reduction), lumbar lordosis (14.88 increase), and global sagittal alignment (3.1cm reduction). Improvements were also seen in various clinical parameters, including the numeric pain scale extremity score (3.3-point reduction), numeric pain scale axial back score (4.2-point reduction), and Oswestry disability index (20.8point reduction). 8 A number of methods for evaluating postoperative fusion and subsidence have been described previously. Early methods for assessing segmental fusion relied on standing radiographs, which could be used to observe bridging bone through the fusion mass or segmental motion during flexion or extension. 17, 18 Later studies determined that CT imaging is a more accurate and reliable measure of the presence and quality of fusion. 19, 20 Consequently, we utilized CT images whenever possible to assess fusion in our patients. Observation of fusion bridging through the OptiMesh graft is a particular challenge due to the homogenous hyperdense radiographic appearance of the graft in the inter- Table 4 . Subgroup radiographic measurements at baseline, postoperatively, and at most recent follow-up. All values are represented as mean 6 SD. All lengths are given in millimeters, and all angles shown in degrees. Comparisons of percentage of change at each point are shown with results of 2-tailed Welch t tests. body space, likely the result of impacting morcelized allograft into the fixed-volume mesh bag. Therefore, traditional methods of observing bridging fusion through the structural graft via the cancellous portion were not always feasible in our patient sample. 17 Instead, flexion-extension imaging-a reliable method for determining the absence of fusion-could be used to assess fusion in this subset of patients, as previously described. 10 Previous studies have reported subsidence rates with other expandable implants. Loss of interbody height with expandable polyaryl-ether-ether-ketone (PEEK) spacers has been reported from 0.6 to 1.1 mm in patients with follow-up comparable to the present study, and higher (2 to 4 mm) with longer follow-up. 9, 11, 21 Isaacs et al compared outcomes utilizing PEEK spacers placed either by MIS lateral interbody fusion or by MIS TLIF. 22 They found greater subsidence with MIS TLIF as compared to the lateral approach, which was thought to be due to the larger graft footprint and the ability to contact the denser apophyseal ring. However, both MIS and lateral lumbar interbody fusion subsidence rates were comparable with findings in previous literature regarding PEEK spacers, as well as the present study of the OptiMesh device (1.3 mm with MIS TLIF versus 0.8 mm with lateral lumbar interbody fusion). Only one prior study reported neuroforaminal subsidence, with an average loss of 1.1 mm height at 12 months. 11 This study failed to achieve significant postoperative improvement in the neuroforaminal height over the full course of follow-up.
Disc Height
Our results suggest that the OptiMesh system offers an acceptable subsidence rate at 1 to 2 years postoperatively, at levels similar to previous reports. However, variation in the use and dosage of rhBMP-2 may influence subsidence, precluding a strong, direct comparison between studies. 12, 23 The use of rhBMP-2 has been associated with both accelerated postoperative fusion 24 and an increased rate of subsidence, 25, 26 among other complications. To date, the optimal dosage and indications for rhBMP-2 have yet to be rigorously defined. 23 The use of the OptiMesh graft allows safe access to the disc space with minimal tissue destruction, as demonstrated by the absence of durotomy, symptomatic nerve injuries, and wound-healing complications, all of which have been reported with open TLIF and PLIF procedures. 27 Further, there was no significant difference in subsidence rates between patients treated at either 1 level or 2 consecutive levels. These results are promising for future study of maintenance of clinical outcomes with the OptiMesh expandable device to further evaluate the durability of this interbody device.
Limitations of this study include the retrospective design, lack of clinical outcomes measures, and follow-up limited to 1 year. Prospective study of the interbody system with an emphasis on radiographic and clinical endpoints at regular postoperative intervals would be the ideal method to determine precisely the incidence, rate, and clinical relevance of subsidence with the OptiMesh expandable device.
CONCLUSION
The use of the OptiMesh graft containment device for 1-or 2-level lumbar interbody fusion is feasible, with a high fusion rate at 12 months. While a low incidence and degree of subsidence was observed, further study in a prospective fashion would better characterize these endpoints and their clinical significance.
